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HISTORICAL REVIEW. 


Occasionally references to the alkali-forming bacteria are found 
in bacteriological literature. This group of bacteria has not received 
much attention, probably because under the ordinary conditions of 
plating their presence can not be detected, and as a consequence 
their rather wide distribution has been overlooked. 

The fact that alkali-forming bacteria are often present in market 
milk in large numbers was first brought to the attention of the 
authors during some studies (1) 1 on the bacteriology of raw and pas- 
teurized milk. At that time no suitable means were available for 
obtaining any exact figures on their numbers in market milk, so they 
were classed with the inert types of bacteria. Wolff (12) in a study 
of bacteria which developed in milk found nonliquefying short rods, 
colonies of which resembled those of the colon-aerogenes group. 
These organisms were strict aerobes which produced neither acid nor 
gas but turned milk alkaline without any other change. Shippen (10) 
also found organisms, in the milk supply of Baltimore, which gave an 
alkaline reaction in milk without peptonizing or coagulating it. He 
found that these organisms in cultural reactions closely resembled 


1 The numbers in parentheses refer to ‘‘ Literature cited’ at end of bulletin. 
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Bacillus fecalis alkaligenes of Petruschky, also Bacillus No. 66 
described by Conn (4). B. fecalis alkaligenes described by Petru- 
schky (8) is well known as an organism which turns milk distinctly 
alkaline without producing any other apparent change. This is the 
characteristic reaction of the alkali-forming group of bacteria which 
separates them distinctly from other organisms which turn milk 
alkaline and cause peptonization at the same time. 

Seiffert and Wymer (9) in 1912 reported alkali formation in litmus 
medium caused by bacteria which used proteins only to the smallest 
extent for this reaction, the chief source being citric acid and lactic 
acid produced by cleavage from the lactose. Both of these acids 
were decomposed to the alkali carbonates or bicarbonates. 

Unfortunately it has been and still is the custom of most bacte- 
riologists to consider all organisms which produce an alkaline reaction 
in milk as alkali-forming bacteria. It is generally assumed that the 
alkaline change is due to the formation of ammonia which is formed 
from the decomposition of the protein. Consequently when the 
alkali-forming bacteria are mentioned, the ammonia-producing, 
peptonizing types are usually brought to one’s mind. Since the 
alkali-forming bacteria as they are considered in this paper include 
only those bacteria which produce an alkaline reaction due to the 
formation of carbonates or bicarbonates, it is necessary to define the 

limits of this group. 


DEFINITION OF THE ALKALI-FORMING GROUP OF BACTERIA. 


The alkali-forming bacteria are characterized by ability to pro- - 


duce an alkaline reaction in milk without visible signs of peptoni- 
zation. This reaction is due to the oxidation of the salts of the organic 
acids present in milk to alkaline carbonates. In litmus milk the 
alkaline change is usually noticeable within 5 days when incubation 
is at 30° C. Often the change may be seen in 48 hours and occa- 
sionally a period of incubation longer than 5 days is necessary before 
it appears. 


CAUSE OF THE ALKALINE REACTION IN MILK. 


The alkaline production in milk during a period of 7 days’ incuba- 
tion at 30° C. is believed to be due almost entirely to formation of 
alkaline carbonates from the oxidation of the salts of organic acids, 
presumably citric acid, since fresh milk was used. This belief is 
based on the following facts: First, 1t was found that a number of 
the cultures tested used up all the citric acid in milk within a period 
of 7 days when incubated at 30° C., during which period the milk 
changed to reaction toward the alkaline side; and second, only a few 
cultures produced any ammonia in milk during a period of 7 days’ 
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incubation at 30° C. and even then there was not a sufficient amount 
formed to affect the titration appreciably. 

That citric acid was used up as the reaction became alkaline is 
shown by the results in Table 1. Since culture No. 12 was the only 
one which could produce even a trace of ammonia during incubation 
for 7 days at 30° C., it is assumed that the alkaline change of about 
16 cubic centimeters tenth-normal alkali was due to the production of 
carbonates resulting from the oxidation of the citric acid. Itmay be 

observed, however, that in order to account for the alkaline change it 
_ would be necessary to oxidize to carbonates about one-half of the citric 
acid actually found to have been used up. Since the quantity of 
citric acid fermented, if calculated as carbonate, would be about 
twice as much as is necessary to account for the reduction in acidity 
of the milk, it seems evident that about one-half of the citric acid is 
oxidized to carbonates while the remainder is probably converted 
into other organic acids and is not carried so far as the alkaline 
carbonates. 


TaBLe 1.—Alkaline change in milk due to oxidation of the citric acid. 


Titration (N/10 NaOH Citric acid in 100 c.c. | Citric acid 
per 100 ce. c. of milk). NTA of milk. necessary 
aiauve to produce | Citric acid 
(c.c. of N/10 enough | fermented 
Culture No. STAGE carbonate | but not 
After 106 ais After | to account | oxidized to 
Control. 7 days’ of mailie Control. 7 days’ |foralkaline| carbonates. 
incupation. : incubation.| change 
in milk. 
mio C.c C.c. Gram. Gram. Gram. Gram. 
5 £7) Fi Sa ee Saree a 19. 20 2.70 16.5 0. 2013 0.0 0. 1056 0. 0957 
(SLO) 5 a a ca a a ars 19. 20 3. 20 16.0 . 2013 0.0 . 1024 - 0989 
S(O eS eee 19. 20 2.60 16.6 . 2013 0.0 . 1063 - 0950 


The citric acid was determined according to the modification of 
Beau’s (3) method. Denige’s reagent was used but changed slightly 
as follows: To 50 grams of red oxid of mercury in 500 cubic centi-. 
meters distilled water add 110 cubic centimeters of concentrated 
sulphuric acid little by little and shake well until the solution is 
complete; dilute to 1 liter, heat to boiling, and filter when cold. The 
method of analysis was as follows: Place 50 cubic centimeters of milk 
in a 200 cubic centimeter graduated flask, add 75 cubic centimeters 
distilled water and 50 cubic centimeters of reagent, agitate gently, 
fill to mark, and mix well. Allow to settle and filter through a dry 
Swedish filter 12.5 centimeters No. 0 until only a faint opalescence 
remains. ‘Then oxidize 100 cubic centimeters of the filtrate which 
corresponds to 25 cubic centimeters of milk at 75° C. by adding 1 per 
cent solution of potassium permanganate drop by drop until the 
precipitate acquires a light-brown color and settles rapidly. About 
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4.5 cubic centimeters of permanganate solution is sufficient. After 
boiling from 1 to 2 minutes the precipitate becomes almost white. 
If the precipitate remains colored, add from 2 to 3 drops of hydrogen 
peroxid solution and shake well 1 or 2 minutes. When cold, filter by 
weak suction in a Gooch crucible, wash with distilled water, once 
with alcohol, dry at 100° C., and weigh. The weight of the precipitate 
multipled by 0.271 equals anhydrous citric acid. The method is 
accurate in milk, as shown by the fact that triplicate determinations 
upon a sample of milk gave the following results: No. 1, 0.2246 gram, 
No. 2, 0.2270 gram, and No. 3, 0.2285 gram of citric acid to 100 
cubic centimeters of milk. The amount of citric acid found in the 
three analyses differs only by 4 milligrams. 

That ammonia played little or no part in causing the alkaline 
reaction, especially during the first 7 days of the incubation, is shown 
in Table 2. Experiments were carried on to determine the amount 
of ammonia produced after periods of 7, 14, and 30 days of incubation 
at 30°C. Three sets of tubes of skim milk were inoculated with 
cultures of the alkali-forming bacteria and the ammonia was deter- 
mined together with the reaction of the milk in each of the sets after 
the various periods of incubation. Each tube of milk contained 10 
cubic centimeters and was marked so as to show the total volume. 
The amount of water lost by evaporation was made up at the time 
of the determination of ammonia and acidity. Five cubic centimeters 
or one-half of the 10 cubic centimeters was then removed for the 
ammonia test and the remaining 5 cubic centimeters portion was 
then titrated in order to determine the reaction. The ammonia was 
determined by the Folin method (6) with 0.2 cubic centimeter of oxyl 
alcohol added to prevent foaming. When the quantity of ammonia 
and the change in reaction of the milk was known, it was possible 
to calculate the amount of change in reaction due to the ammonia 
formed, and the difference between that and the total change was 
assumed to be due to formation of sodium carbonate or bicarbonate. 

As may be seen from the results in Table 2, the reduction of the 
acidity in 58 of the 68 cultures during the first 7 days’ incubation 
was due entirely to the formation of alkaline carbonates. In 10 
cultures there was slight amount of ammonia produced, which as 
the results show accounted for only a very small part of the alkali 
produced. Generally speaking, the small amount of ammonia pro- 
duced by the alkali-forming bacteria shows that the reduction of 
acidity in milk after 7 days at 30° C. was due almost entirely to 
carbonates or bicarbonates. 


ALKALI-FORMING BACTERIA FOUND IN MILK. 
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The results of the 14-day incubation are similarly shown in this 
table. It will be noticed that the alkaline change in 46 of the 68 
cultures was due entirely to the formation of alkaline carbonates and 
in the other 22 to the presence of carbonates and ammonia. In 
almost every case the reduction in acidity was due largely to carbon- 
ates and at the same time there was a considerable increase in the 
amount of ammonia over that produced after 7 days’ incubation. 
Culture 107 after 14 days’ incubation showed a smaller reduction of 
acidity than after the 7-day period, indicating that there was a sec- 
ondary acid fermentation. 

After 30 days’ incubation the reduction in acidity in 24 cultures 
was due entirely to formation of carbonates or bicarbonates, there 
being no increase in ammonia over that contained in the control 
tube of skimmed milk. In 37 cultures the alkaline change was due 
to the combined action of carbonates and ammonia. It will be 
seen, however, that in most cases the greater part of the change was 
due to the alkaline carbonates. In general there was an increase 
in the quantity of ammonia, found after 30 days, over that present 
at the end of the 7 and 14 day incubations. Cultures 107 and 137 
after 30 days’ incubation were found to be more acid than the con- 
trol cultures. Both these cultures showed an alkaline change after 
7 and 14 days’ incubation. In cultures 10, 12, 49,113, 123, and 143 
an excess of ammonia was found over that necessary to produce the 
alkaline change, which showed that there must have been a secondary 
acid fermentation. This is further substantiated by the fact that 
these cultures showed a smaller change in alkalinity compared with 
the control after the 30-day incubation than they did at the end of 
the 7 or 14 day incubation. 


The results of the work shown in Table 2 are summarized in 


Table 3. 


TaBLE 3.—Cultures grouped according to reaction and cause of alkali production in 
skim milk. 


Reduction of acidity 


ue to— 
: | Increase of 
Incubation acidity 
Ammonia = over control. 
and alkaline eeeline 
carbonate. ; 
Number of Number of Number of 
Days. cultures. cultures. cultures. 
7 10 58 0 
14 22 | 46 0 
30 1 37 | 24 2 


} 


1 Seven ammonia and no alkaline carbonate. 


This summary needs no discussion since it simply presents data 
which have already been discussed. These results lead to the belief 
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which was previously stated, namely, that the alkali-forming 
bacteria produce an alkaline change in milk, due primarily to the 
formation of carbonates or bicarbonates, resulting from the oxida- 
tion of citric acid. After a long period of incubation there is a small 
amount of ammonia formed by certain cultures to which may be 
attributed a small part of the alkaline change in reaction of milk. 

A third reason to substantiate the belief that the alkaline reaction 
in milk produced by the alkali-forming bacteria is due to the pro- 
duction of alkaline carbonates from the salts of organic acids. This 
will be discussed in detail later. The essential point of the produc- 
tion of an alkaline reaction during the fermentation of the organic-acid 
salts and the one upon which the other adjustments of equilibrium 
depend is the replacement of the relatively strong organic acids by 
the relatively weak carbonic acid. 


SOURCES OF THE ALKALI-FORMING BACTERIA. 


The alkali-forming bacteria which are under discussion in this 
paper were isolated largely from market milk, a few being obtained 
from the ice cream. Milk, however, can not be considered a source 
of any bacteria for it is merely a conveyor in which they may grow 
after being introduced through contamination. While alkali-forming 
bacteria are commonly found in market milk they must be intro- 
duced at some stage in its history and must, therefore, have a source. 

Numerous samples of soil were first examined and then plated on 
extract agar and incubated at 30° C. for 5 days, at which time each 
colony was picked off and inoculated into litmus-milk tubes. These 
tubes were incubated at 30° C. for 14 days, after which they were 
examined for the characteristic reaction produced by bacteria of the 
alkali group. An alkaline reaction in litmus-milk tubes after 14 
days’ incubation without any sign of peptonization was found to be 
a practically certain test for the alkali-forming group of bacteria. 

All the samples of soil examined showed the presence of large 
numbers of alkali-forming bacteria. These organisms were found 
also in water from shallow and deep wells, springs, and drains. 
Since they are present in soil it is only natural to expect to find 
them in water. An examination of the bacteria on the hands of 
farm laborers showed as high as 12,000,000 of the alkali-forming 
sroup of bacteria, this being the approximate number distributed 
over both hands. The organisms in this case in all probability came 
from soil. 

Alkali-forming bacteria were not found in the udder and teats of 
cows in very large numbers, since an examination of 57 samples of 
milk drawn into sterile tubes from 15 different cows showed their 
presence in only 10 cases. The highest number found in any case 
was 30 per cubic centimeter. These organisms were present, how- 
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ever, in cow feces, being found in 8 out of 14 samples examined and 
and they comprised about 2.7 per cent of the total bacteria. Brush- — 
ings from the udders and flanks of cows also showed the presence of — 
the organisms. Alkali-forming bacteria were also found in very 
large numbers in unsterilized milk pails and cans. In one examina- 
tion of a 10-gallon unsterilized milk can which was about to be 
filled with milk, approximately 144,000,000 of these organisms were 
found. . 

From extensive studies as to the sources of the alkali-forming 
bacteria found in milk it is believed that they are primarily soil 
organisms. The fact that alkali-forming bacteria are present in soil 
is further supported by the work of Temple (11), who states as a 
result of his experiments that ‘‘It is clear that soil bacteria can use 
sodium or potassium salts of organic acids in such a way as to have 
one of the products sodium or potassium carbonate.” Soil, how- 
ever, can not be considered the only source of the alkali-forming 
group of bacteria, for there are probably many organisms from other 
sources which might fall ito this group based on their character- 
istic milk reaction. 


MORPHOLOGY AND GROWTH. 


In the study of. the alkali-forming bacteria no elaborate morpho- 
logical determinations of the organisms were made. Microscopic 
examination of 24-hour-old agar cultures showed that of 69 cultures 
6 were cocci and 62 bacilli. In individual cultures the rod-shaped 
organisms varied greatly in size and for that reason it was not con- 
sidered advisable to subdivide this group further according to their 
morphological characteristics. None of the organisms were spore 
formers. 

The optimum temperature of this group of alkali-forming bacteria 
isolated from milk was found to be between 20° and 30° C., and 
within this range they grew vigorously. There was some growth 
below 20° C., but only slight growth above 30° C. In fact, 8 of the 
cultures, when streaked on agar and incubated at 37° C. for 48 hours, 
showed no growth, and 1 culture, No. 354, when inoculated into milk 
and inoculated at 37° C., rapidly died out, so that on the ninth day 
upon plating 1 cubic centimeter of this milk culture, no colonies ° 
appeared on the plates. The organisms grew best under aerobic 
conditions, but could also develop anaerobically on certain media. 
No growth was observed under anaerobic conditions in a synthetic 
medium containing sodium-ammonium phosphate as a source of 
nitrogen and the salt or an organic acid as the only source of carbon. 
The majority of this group of organisms appeared on agar plants as 
a moist, white growth, but there were 6 fluorescent, 2 pink, and 1 
yellow culture in the collection. The most noticeable feature of the 
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white growth was its consistence, about 60 per cent of the cultures 
producing a slimy, viscous growth that was almost impossible to - 
remove with a needle. In litmus milk these cultures produced a 
typical blue coloration which usually appeared in from 3 to 5 days 
when incubated at 30° C. Only 3 cultures out of the 68 were found 
to liquefy gelatin on incubation for 45 days at 20° C. The thermal 
death point of the alkali-forming organisms varied from 60° to 65.6° 
C., when heated in milk tubes for half an hour. 


SOURCES OF NITROGEN. 


From preliminary results of fermentation tests with the alkali- 
forming bacteria, it was evident that nitrogen should be supplied in 
some simple form, free from carbon. It was found that sodium- 
ammonium phosphate could be used as a source of nitrogen. This 
compound gave such satisfactory results that it was used through- 
out the work, carbon being supplied by other substances, as carbo- 
hydrates or organic acid salts. The alkali-forming bacteria were 
also able to utilize nitrogen from sodium nitrate and sodium nitrite, 
when a suitable source of carbon was present. With these two sources 
of nitrogen uniform results could not be obtained, for often a culture 
which would grow well on one inoculation would fail to develop at 
another time. The more complex nitrogen-containing substances 
were not suitable for fermentation tests, for reasons which will be 
discussed. All the organisms studied grew readily with asparagin as 
a source of nitrogen. It was not satisfactory, however, because 
ammonia was liberated, which interfered with the measurement of 
the fermentation test substances. Similar objections also apply to 
the use of beef extract. This not only supplied nitrogen but 
carbon as well. All the cultures grew vigorously in a solution of 
0.2 per cent beef extract and 0.2 per cent sodium-dibasic phosphate 
and produced an alkaline reaction due probably to the formation of 
alkaline carbonates from the organic-acid salts present in the extract. 
It was, therefore, quite evident that beef extract was not a suitable 
source of nitrogen for use in fermentation tests when a definite fer- 
mentation was to be measured. 

Other nitrogen-containing substances, such as peptone, gelatin, 
casein, and urea were good sources of nitrogen when carbon was sup- 
plied in some other form, but as sources of both nitrogen and carbon 
they were unsatisfactory. In other words, they are good sources of 
nitrogen but poor sources of carbon. 

In studying the physiology of bacteria, it is believed that the 
sources of nitrogen should be given considerable thought, and when- 
-ever possible a simple compound free from carbon should be selected. 
For the alkali-forming bacteria sodium-ammonium phosphate ful- 
filled this requirement. 


V/ 
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FERMENTATION OF CARBOHYDRATES. 
DEXTROSE. 


In some previous work with a small number of cultures of alkali- 
forming bacteria, it was found by Ayers and Johnson (2) that while 
they apparently did not ferment sugars, an alkaline reaction was 
usually produced. In recent work, however, with a larger number 
of cultures it has been found that certain carbohydrates were 
_ fermented but that special means have to be taken: to determine 
this action. 

Extract broth is not always a suitable medium in which to deter- 
mine the fermentation of dextrose, as is shown by the results in Table 
4. The broth had the following composition: Dextrose 1.0 per cent, 
beef extract 0.4 per cent, peptone 1.0 per cent, and distilled water. 
The reaction was brought to the neutral point, the solution filtered, 
the dextrose added, and the medium sterilized. The final reaction 
/ was about plus 0.2 (Fuller’s scale). The cultures were incubated 
at 30° C. for 7 days and a duplicate set for 21 days, and titrated - 
at the end of each incubation period. The figures in the table repre- 
sent the change in titration from the control, i0 cubic centimeters 
of medium being titrated with tenth-normal sodium hydrate. The 
fermentation was considered positive when 1 per cent or more normal 
acid was formed, since this is the usual amount considered to indicate 
fermentation. An examination of the results shows that after 7 
days’ incubation 15 of the cultures showed an acid fermentation in - 
dextrose and 10 showed such a reaction after 21 days. With 13 of 
the cultures a higher acidity was found after 7 days than after 21 
days, while 7 showed more acid after the longer incubation. After 
7 days’ incubation 3 of the cultures were acid but after 21 days were 
alkaline, while 3 other cultures were alkaline after 7 days and became 
acid after 21 days. It will be noted in Table 4 that 3 cultures 
produced gas from dextrose. These results show that the fermenta- 
tion of dextrose by the alkali-forming group of organisms was very 
indefinite when determined in the ordinary manner by titration in 
the regular broth medium. Some cultures showed a distinct and 
others only a slight fermentation, while many produced only an 
alkaline reaction. 

As previously noted, it was found that these bacteria produced 
alkaline reaction when grown in beef-extract broth without sugar. 
The broth contained 0.2 per cent beef extract and 0.5 per cent 
sodium-dibasic phosphate. While this is not exactly the same 
composition as that of the dextrose-extract broth, the results of 
titrations help to explain some of the peculiar results obtained in 
the dextrose fermentation, and they are incorporated in Table 4. 
It may be seen that all the cultures of this group gave an alkaline 
change in titration after 14 days’ incubation in beef-extract broth; 
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consequently this alkali formation would interfere with the reaction 
as a means for determining the dextrose fermentation. 


TaBLE 4.—Reaction produced by the alkali-forming bacteria in dextrose and plain-extract 


broth. 
Dextrose-extract Dextrose-extract 
broth. eee broth. ae 
f ft xtr 
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Minus (—) signs indicate an alkaline change! in titration. 
Plus (+) signs indicate an acid change in titration. 


1 Change from control, in c. c. N/10 NaOH titrating 10 c. c. of medium. 2 Produced gas. 


In order to avoid the complicating alkaline fermentation in extract 
broth, synthetic media were prepared which consisted of sodium- 
ammonium phosphate as the only source of nitrogen with dextrose 
as the only source of carbon. The media used had the following 


composition: 

Medium A. Mediurn B. Medium C. 
Sodium-ammonium phosphate.............. grams. . 2.0 1.5 1.0 
NPerarrosemece mimen ion ere ye) yo. Bee Latina aN Coen: 10. 0 3. 0 10. 
JeenevSsninan! Clo Koval CNG im ane enne e Rv ih dows yl il by 
Die tilediwateracs eso Pe cubic centimeter.. 1, 000 1, 000 1, 000 


The results of the fermentation of the dextrose in these media 
are shown in Table 5. The change in the hydrogen-ion concentra- 
tion during 14 days’ incubation was used as a measure of the fermenta- 


e 


14 BULLETIN 782, U. S. DEPARTMENT OF AGRICULTURE. 


tion. It will be noted that in medium A, 25 cultures showed a 
distinct fermentation of dextrose, the hydrogen-ion concentration 
in most cases going from P, 6.9 (control) to P, 4.5, a few cultures 
reached about P, 6.0, and only 19 cultures changed from P, 6.9 to 
P,, 6.5 or lower. These cultures it was believed fermented dextrose 
but were called plus or minus. 


TaBLE 5.—Results of fermentation of dextrose in synthetic media with different buffer 


contents. 
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Medium B, while having less buffer than medium A, contained 
also less dextrose, and in it only 25 cultures showed a positive 
fermentation. Medium C was then tried and it contained the same 
amount of dextrose as medium A but half the sodium-ammonium 
phosphate. As this medium had considerably less buffer than 
medium A, it was expected that the cultures showing only a slight 
change in P, in medium A would show a much larger change in 
medium C. This was found to be the case, as is shown in the table. 


a ie 
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Only the cultures which showed a slight P, change in medium A 
were run in medium C. From the results of the work it was evident 
that 44 of the 68 cultures of alkali-forming bacteria could ferment 
dextrose, but many of them to only a slight extent. The fermen- 
tation was slow with certain of the bacteria, as is seen in Table 6, 
which shows the P, value of 3 cultures in medium ‘A. These cultures 
represent 3 types of fermentation. Culture 12 reached P,, 4.5 after 
3 days’ incubation at 30° C., while culture 319 reached P, 6.0 only 
after 10 days, and its highest hydrogen-ion concentration was P, 5.5. 
Culture 140 reached P, 6.5 in 10 days, which seemed to be its highest 
point, and did not show further change after 21 days’ incubation. 


Tasie 6.—-Three types of dextrose fermentations as shown by the hydrogen-ion concen- 
tration in terms of Pu. 


Days. 
Culture No. at 
1 2 3 4 5 7 10 14 21 
(Casal PEE dike 3 a 7.1 7.0 7.0 7.0 7.0 7.0 7.0 7.0 6.9 
NO a) es en a A mbene Bee 4.5 Aisi aus ie ae Aes ie 
FAG. ie a pO a ag nn 6.9 6.8 6.8 6.8 6G BIG 6.0 6 0 RG 
TOP Merb al ta: 7.0 7.0 7.0 6.9 6.9 6.8 6.5 Gu5 6.5 


TaBLeE 7.—Comparison of the fermentation of dextrose in an extract broth and a synthetic 


medium. 
Dex- Dex- Dex- 
trose- trose- trose- 
sodium- sodium- sodium- 
Dextrose broth. ammo- Dextrose broth.} ammo- Dextrose broth.| ammo- 
Culture mum || Culture mum | Culture mum 
No. phos- No. phos- No. phos- 
phate. phate. phate. 
7 days. |21 days.| 14 days. 7 days. 21 days.) 14 days. 7 days. 5 days.|14 days. 
AOE S, + a ++ ia Seneyeee —- |} = 0 A eee — _ (mt 
1D aa — + ae ALORS — = ate 146.992) - Pe He 
Sh oy = — + WAV Sage + _ + NOS As — ict 0 
10) ie a AF = Sp IPA ar ate + S03 bEE — — 0 
OOo ee se 2 ar = 0 128 — — 0 309..-.. ~ ~ 0 
60. oS. — — 0 WR ese + + + Olas _ — - 
(oe _— = 0 1 earns _ — + ieee ad = 0 
62EeEe — — 0 125 — — + SIO eas + _— + 
GOLFER _— = 0 ZOE — — -- O21 Ea Ee - — ate 
(Pees — — + 2S ose + _ 0 BP PT ue ae ote 
(BSE Eae — _ 0 Tie Ose a — 0 325 — = ae 
101..... _ — + ST eee —_— = + S20 eRe — — ae 
OZ eee — _— + IBY Gaek _ — + 340. _ — 0 
1OSteeee — _ 0 ASS E + Sia + 353. — — 0 
104..... — _ = by eee + + + Bose es — _ 0) 
NOSE ee _ — + (Bb ese _ _ + SOO es — _ + 
106..-.. — — 0 136222 22 — — + BOLE eee _— 0 + 
107..-.. + ae Ue Vfos she + ata ar 362... _ _ + 
OSPR — — + 138 ._ _ _ aE 
Se _ — 0 ZONE — — 0 
1 eaees + = ate 140.02. — _ oe 
THe ee -F + Se Nv Bees + — + 
ates — — 0 aD Rae — — 0 
WN@scase —_ _ = Nee eee = = ar 
OEP Aae eye — = ae 14450... — = ar 


Minus (—)=alkaline. Plus (+)=aceid. Zero (0)=no change. 
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The results of the fermentation of dextrose in these simple synthetic 
media were so different from the fermentation in the complex extract- 
broth medium that the results are compared in Table 7. In the 
dextrose-broth medium incubated for 7 days, 15 cultures showed a 
production of at least 1 per cent normal acid and on this basis 10 
cultures showed a dextrose fermentation in the same medium after 
21 days’ incubation, yet in the synthetic medium 44 of the 68 cultures 
fermented dextrose. The results indicate very clearly the inac- 
curacies which may occur in the study of the fermentation of test 
substances in complex media. : 

GALACTOSE. 


The alkali-forming bacteria fermented galactose in a manner nearly 
identical with dextrose. Practically all the cultures which fermented 
dextrose fermented galactose and, in fact, reached about the same 
hydrogen-ion concentration in the synthetic medium. 


LACTOSE, SACCHAROSE, AND RAFFINOSE. 


Lactose is not fermented in the ordinary beef-extract medium 
when measured by the usual titration methods or by the change in 
hydrogen-ion concentration. The assumption that the alkali-forming 
bacteria are nonlactose fermenters based on results of the fermenta- 
tion of the sugar in ordinary media is quite incorrect, as is shown in 
Table 8. It was found that 11 of the cultures showed a slight change 
in hydrogen-ion concentration in synthetic medium A. Medium A 
and medium C were the same as previously described except that 
lactose was substituted for dextrose. The slight fermentation of 
lactose was more clearly indicated by the results obtained with 
medium C. There is included also in the table the reaction of skim- 
milk cultures of the organisms after 7, 14, and 30 days’ incubation 
at 30° C. In every case the acidity decreased during the first 7 days 
and then increased. After 14 days the acidity in all but 3 cultures 
was higher than on the seventh day, while in 30 days all the cultures 
showed a marked increase in acidity compared with that of the 
seventh day. 

The acid formation, which is probably secondary in milk, correlates 
perfectly with the cultures which showed a shght fermentation of 
lactose in the synthetic media. All the cultures which showed no 
indication of fermentation of lactose in the sodium-ammonium-phos- 
phate medium failed to show any secondary acid formation in milk 
during a period of 30 days. 

Saccharose was found to be fermented by only 2 of the cultures, 
Nos. 31 and 72. In a synthetic medium these change the reaction 
from P, 7.1 to P, 6.5 and 6.6, respectively. This indicates only a 
shght fermentation. 

Raffinose was not fermented by any of the cultures even when 
several of the different media were used. 
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TaBLE 8.—The cultures which fermented lactose in synthetic media and the milk reactions 
by titration of the same cultures. 


Lactose synthetic Reaction of milk! cultures 
media. after— 
Culture No. 

A. C: 7 days. | 14 days. | 30 days. 

Pu Pu Cc C.c 
(Charatan 8) ais oe AO is es eee eat ee ee Er 6.9 6.8 22.0 22.0 22.0 
Le ee ee eee elu INERT LM Soe SiS ei6 biele 6.7 6.1 2.0 10.6 17.0 
MP sis Sie Bich os ESE NEI ss as ee 6.7 6.1 2.8 7.4 15.4 
ND) seh Lei ay DRE Es Leia ees BRN ee ee Cees 6.7 6.1 4.6 7.0 12.8 
TONG) ess Ea ae ee as eae te a ek Oa a a a a 6.7 4.8 10.2 21.0 45.2 
TT See I es so hag e a a cE  ea 6.7 6.4 5.6 6.6 10. 2 
NBS 2 ee ey ee Ce cane she a a ee 6.7 6.4 3.0 7.8 15.8 
1D 5 oS spo a GAH RSO Sea 8 SCRIEIE ee cei Ale energetic 6.6 6.4 5.2 2.8 8.4 
TU on BASS OU a a ea 6.7 6.0 5:2 9.6 19.0 
WBE 5 SGSSO SSS Se ee lea ae ets ee 6.6 5.9 15.0 13.6 39.6 
TIE, SS SleMGaIR Ee eG GIS OO i Ce eae neta ici ces ARENT iia era ee 6.7 6.3 13.0 W2 17.8 
A Rr ey teem iity aps HN ee el oe 6.7 6.1 5.4 6.8 16.2 


1100 c. c. of milk titrated with tenth-normal NaOH. 


In the study of the fermentation of sugars by the alkali-forming 
bacteria care must be exercised to use a medium in which organic- 
acid salts are not present, for they are readily oxidized to alkaline 
carbonates, which may mask an acid fermentation of the sugar. 
A synthetic medium is of the greatest assistance in this connection. 


FERMENTATION OF ALCOHOLS. 


In a study of the fermentation of sugars it is customary to include 
some of the polyatomic alcohols, such as adonite, dulcite, mannite, 
and glycerin. HH was found that these polyatomic alcohols were not 
particularly good sources of carbon for the alkali group of organisms 
when used in a synthetic medium composed of sodium-ammonium 
phosphate 2 grams, potassium chlorid 0.1 gram, test alcohol 2 grams, 
and distilled water 1,000 cubic centimeters. None of the cultures 
fermented adonite or dulcite, but, as is shown in Table 9, 5 cultures 
fermented mannite and 3 fermented glycerin. In mannite the maxi- 
mum change in hydrogen-ion concentration was from P, 7.1 (control) 
to P, 6.1 and in glycerin from P, 6.9 (control) to P, 6.4. 

The monoatomic alcohols are not commonly used as test fermenta- 
tion substances, but it was thought advisable to determine whether 
some of them could supply carbon for the alkali-forming bacteria. 
Four of the monoatomic alcohols, namely, methyl, ethyl, propyl, 
and amyl, were tested with different amounts in the sodium-ammo- 
nium phosphate medium just described. As nothing was known 
regarding the effect of different concentrations of these alcohols on 
the bacteria, 3 different sets of media with 10, 5, and 3 grams, re- 
spectively, of alcohol to the liter were used. The cultures were incu- 
bated 7 days at 30° C. and any change over P,, 0.2 in a hydrogen-ion 

104410°—10—Bull. 7823 | 
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concentration was considered a positive fermentation. Methyl alco- 
hol was not fermented by any of the cultures, which may be due to 
the poisonous character of this alcohol. As may be seen from Table 
9, the majority of the cultures fermented propyl alcohol. Forty-eight 
of the 68 cultures fermented both propyl and ethyl alcohol when 
5 grams of alcohol per liter was used in the medium. It will be 
noted that with the other quantities of alcohol more cultures fer- 
mented the propyl than the ethyl alcohol. Amyl alcohol was not so 
readily fermented. 

In ethyl! alcohol the maximum hydrogen-ion change was from P, 
7.1 (control) to P, 5.7, in propyl alcohol from P, 7.0 (control) to P, 5.4, 
and in amyl alcohol from P, 6.9 (control) to P, 6.6. While there was 
not much difference between the fermentation when 10 grams and 
5 grams of alcohol were used per liter, a larger number of cultures 
fermented the alcohol in these cases than when only 3 grams was 
used. In general, when a culture fermented ethyl it fermented propyl 
alcohol, but this was not true in all cases. Usually when amy] alcohol 
was fermented ethyl and propyl were fermented also, but there were 
several exceptions. Only one of the cultures which fermented man- 
nite also fermented the monoatomic alcohols. Cultures 121, 133, 
and 134, which fermented glycerin, were not able to ferment any of 
the monoatomic alcohols. 


TABLE 9.—/ermentation of the alcohols. 


Ethyl, grams per | Propyl, grams per} Amyl, grams per 
liter. liter. liter. 


T Man-} Gly- 
Culture No. es nitha (a 
10 5 | 3 10 5 3 10 5 3 
| BEL 
AQ See eee Bae as AS PEI Se — — = = = eA AS = = is. Le 
WD eS eto re ean ative ata Se oleae _ _ = — = = _ a =e ae a 
Dhivc elena -- == n= om = em = + ~ _ = =) se = = oo ze 
aM). aos soass hoon ssosSseosouescss — _ + — + fo jf =k = = = = 
Dyas o5ssaccoocsoses se asesesaaESSoc + + — + _ - — — se = af 
0245 522s scSe5seos3d435455 256 Sse" ~ - - = + =f =e ak a. as at 
Ts bens ose cb sage sect nsosseseasase - + — _ + + =k = = = ae 
Pe5 5532 S555 3525532535555 28s — — - + _ _ + — = = = 
66....----------------+----------- + =e — se + _ _ - + = = 
FP}E SOE S882 LE OO eee ee ae ee = = = —- | - — | - at x] Eva iF. 
DOE SSE oe van ARE Ree { + a — — = = a = ap ehe a pa 
OI eee te eset PERC e sce + + = + se aie a ae | fay us we 
NO Zee eee eee ee - — - ~ ~ + = = = = at 
TLiRS2 Sees Se eee Soe por eoaeemee — — = = = = = a8 = wy 
HOSS AINE he Goo stiwtioe etek — _ = + ek ss = = sate has a2 
Ona SAS ees A. pe RReh Sh at See et — he sey Se = eS iy) le BS = 23 za at 
UP 585555352 Alesse 2be cbt sade + | + — | + + + 4 + 2s = =a 
TOSES ECE EES chiki hk 6 EL ee =. |S + is AA us} a Ls J 
MORES OAS oe ee eee ale Us Soe ae ae ae if Sk — | + =k ae — _ == = = 
Pibl 5663 s5se 35625 eascesdosacssa22 pose + | + - _ + =}- ss = = 
AIOE els Re ee es So | a = — 32 = es i Pe. 
UB ipsam ees cae eas Se eae 2 aa- _ + — | + -- - — — =f = a 
ha boos ss osscdcscsoegose% _ ~ he Nae o > — — = — = 
116....----------+---------------- = 25 — | + + - = -- —|- — 
PGs sees eens een eae + | + saa bass _ oo - — = = ss 
pei SSR ee See Se se oe _ - + |) + - _ + — + f{— = 
TB oe So eee see se aee a ao oe _ + all ed - - - - 7 1 Flee 
IDOE SE SEL LE Eke Se Ee a eee = = ee = = = = = = = 
dU eS sab ce eet Joao e eee — — ee = = |} = = = | =i | zt 
Dee oe as aoe ee teens SSN + _ — | + + + 3k + zk = = 
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TABLE 9.—Fermentation of the alcohols—Continued. 


Ethyl, grams per | Propyl, grams per | Amyl, grams per 
liter. liter. liter. Man-| G1 
- Vin 
Calta No: nite. |cerin. 
10 5 3 10 5 3 10 5 3 

TBA 5, he kare aa le ear et a = = = = Ste ee Las ai a sik ne 
ee se raph ray LAS fie 8 Ws tN ie al — + = ae + fie = oh ae uae 
L2D so ngposed Sede e ep iasacdss es sbacs + + + - + + — = 2s es ue 
14h = 55 Sos gSaGSeEE repo aeaceereasead + + ] + - + — = = = a 
EE div sobobddon siete: tepsdde see b “f - + + + ae = = ea a 
118 1a es cat ee a ll ea + an = ae 2 ae a an ae au ee 
NMS erat st arse cies eluates aixis slob aves — — — + + a = = is =e at 
LEV 5 SG GUS AA SHEE epee ee aay ee + + = aft + aL == = de bal alk 
NASR eteming ett = facia ioie o> Sata s+ 2 - - —- — — — = = a a ats 
TUS saa SEIN SUS a De yar a — = — = = ss sa 83 Ea a au 
ES Ie ss Ae eat eS ee a — + = a, ab Ar = ae pas ks a 
NBG eee ees ns eee Wastes cos = — = + 4 a ss = a eal ue 
1B RBS S GS AMON E os See area — = = = a ale = Be == af ee 
AS ete eyo va ie ears Spee ce stein) < wlan + + -- + + ap = = = a as 
139... ...-------- 22-20-22 eee eee +] +]—, +) 4+] 4] 4+ )4+ft]+i]—-—4]- 
Ae ae oe ee ete ee eet ce ean = a = de alts a om es ae a8 ie 
EO) SS Sates abe ee coe AB ene == aa = ms ue pas a yu eas ve pa 
ULE) onbes Sasso Sees cae dee cee - oo — - + + aE = aL a ah 
OT oid 6 SARC SAB BEOO Sas Aa ee aaa eee = le = = ab at alld = ue EE on 
TE Seb condo Sg Ger On AR eee eae = 4p == a ap a at ie. 2 et me 
LEDs once saeco ededs sdgadecueesee oo + - + + “iL a a + aL ie 
NAG eee tie oe sean ise occa a. Soe: fi. + = he ote ane a zat pl 2 feds 
E3568 boast n mesa qe Oe pea aaneae +}+t]—-fo+ f+] +} + fot} ot] - ] 
SOR Go obo nod SGdeocee ool uEe eae ab ab = ab aie zs a ee wi ide ea 
CUD a pdboustee bauer aoe ee. aaa = _ = _ = we ast a ee ik a 
Be ae Oa GH ROE Bt ake ee ae ae = = = a plu = ue zs a ae 
I bb bce coe Sua aSE oc See aee eee ft a as at aL = ae fis aa Be pas 
SL Oe eae apis Ae aoe Se aie a; + = = ae 2 es aa oe a 
SEE oo obs Sacer aosb bd Sos nec eeeS ee - + + + + - + — ak = = 
BVP = 358 sod badda ser Uo scc oS SSsen ae + ao ao _ ao — + = = aes ee 
BY), loa aadde 6 Oo aaa eee ae aaa ie ak fe au - we ane aus om dis is 
340040 5e¢ Seccdseosuscundeosmgabede + + | + -- _ + + — a = = 
Bi) SBS SA OO oC Seo Ce eee ame era + ate = ae ae as aa i ae Ee ans 
BED Wo eale Some ee ke gle ae er erie = at =e = is Bt es pe 4) a mo) 
sEulcodqesoscceosdcocséecdoneaoe sae > = — ao + + — = = = = 
Bbc goose geo ss Segoe cobs. TaRABBEEE See AV TEN cis oN) Cats SA Mee ee ea) yes Op yea 
BO levee rye area alerts oa. ao SL + as ahs a = a ae a an oe ae 
SUAS G SOGE OSS ASSO SE Serna har oe Be ae a8 = peat ti ie Eat wld 
Matalpositive 2! 202... ear ai easd | Wash ea elie ase) yo4e|) con| eaten lameness 


Note.—N ofermentation in the following alcohols—methyl, dulcite, adonite. 


It is evident from these results that the polyatomic alcohols ado- 
nite, dulcite, mannite, and glycerin are satisfactory sources of carbon 
for the alkali-forming group of bacteria and were of no particular 
value in the study of the bacteria under discussion in this paper. On 
the other hand the monoatomic alcohols ethyl, propyl, and amyl 
were fermented by a larger number of cultures, and while the fer- 
mentations were relatively slight it is believed that they may be of 
some value in further studies of the alkali-forming bacteria. 


FERMENTATION OF SALTS OF ORGANIC ACIDS. 


It has been shown previously in this paper that the alkaline reac- 
tion in milk produced by the alkali-forming organisms was due to the 
oxidation of the salts of citric acid. Since these bacteria can ferment 
the salts of citric acid it seemed quite probable that other organic- 
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acid salts might be utilized as a source of carbon and thereby become 
valuable substances for fermentation tests. 

In 1895 Maassen (7) studied the fermentation of 21 different or- 
ganic-acid salts by 52 varieties of bacteria. He obtained some growth 
with all these cultures in media containing the various organic-acid 
salts. As Maassen used these salts in a medium containing pep- 
tone, it is not surprising that he obtained positive results with all 
the organic acids, for the reason that the carbon could probably have 
been obtained by the bacteria from either the organic acid or the 
peptone, according to which one was the more available. If these 
organic-acid salts are to serve as carbon-containing test substances 
they must be used in a medium containing no other source of carbon. 

In order to determine the value of the salts of the organic acids as 
a source of carbon, the fermentation of 24 of these salts by the alkali- 
forming group of bacteria was studied. The fermentation was deter- 
mined in a synthetic medium of the following composition: 


Walt Eib@: ota. be cette outta he ee ae gram 0.50 
LSC}E Be 2 Ce Ie eae a ene SER ene ay Re Sy Lee ene fue dos ce SAG, 
IGG te et eee oe Bee ee a cee Be eee oe eee dost acu 
Waters disitiled: 2. 22222. So 8 eee Se ee eres eC: 4, 000 
Acid (neairalized with NaOH) oc 22251 ee prams. fsde? 


Urea and hippuric and uric acids were also used in the following 
media: 


Wreae se 27 grams.. 2.00 | Hippuricacid.gram. 1.0| Uricacid....gram.. 1.0 
Nal HPO,:. 2 sram.,  .00 | NaOH quantity suf- NaOH. erams.. 8.00 
aCe oo ee doss 2 .~<10 | ficient to neutral- (S07 i are oTam.-.) 7 tO 
MawWsPO, -cadoc.22) \: L7 | izetheacid.gram. .50) Water,distilled.c.c.. 1, 000 
Water distilledtc:c_4 17000 |-NaBblPOs: 2). >: dost) 24g; 
Filter through Berke- 14 0) Nero dozc=, +10: 

feld). Water.£ 24-2252 c.,€2. £000 


It is evident from the composition of the medium that if growth 
occurs the carbon must be obtained from an organic-acid salt. The 
fermentation of the organic-acid salts was measured by the change 
in the hydrogen-ion concentration. A change of more than P, 0.2 
being recorded as a positive fermentation. An exception is taken 
in recording the results of the fermentation of butyric, valeric, and 
caproic acids where any change from the control is recorded as posi- 
tive because of the possibility that these acids were split into simpler 
acids, and these simpler acids in turn oxidized to alkaline carbonates. 
The final hydrogen-ion concentration of the medium would in such 
cases depend upon the point in the fermentation at which it was 
determined. In every case a change in hydrogen-ion concentration | 
from the control showed growth in the tubes. The complete result 
of the study is given in Table 10. It will be seen in the tabulated 
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results in the table that nearly all the organic-acid salts used were 
fermented to a greater or less extent. In the table are the results 
of hippuric and uric acids and urea, these substances being included 
merely for the sake of convenience; their fermentations will be dis- 
cussed later. 

Before proceeding with the fermentation of the salts of the organic 
acids it is necessary to call attention to the fact that the growth in 
the synthetic medium as used in this investigation with the organic- 
acid salts as a source of carbon was usually quite different in appear- 
ance from the growth obtained in the sugar broths. It was found 
that the alkali-forming bacteria frequently grew in a mass in the 
bottom of the tube and left the medium perfectly clear. Often when 
the greatest change in the hydrogen-ion concentration was noticed 
there was little appearance of growth in the tubes; at other times 
the medium became extremely cloudy. 

In connection with the fermentation of these organic-acid salts 
an attempt has been made to determine from which radical or 
radicals the carbon was obtained. The organic acids are grouped, 
therefore, in Table 11 according to the radicals they contain. For 
example citric, malic, and lactic acids are grouped together for dis- 
cussion because they contain a secondary or tertiary alcohol radical 
linked to a carboxyl and to a methyl radical. 

It will be seen in Table 11 that all the 68 cultures studied were 
able to utilize carbon from the sodium salt of pyruvic acid. The 
table gives the structural formula of the different acids but it must be 
remembered that the sodium salt was employed. Pyruvie acid 
(CH,COCOOH) comprises a ketone (CO) radical connecting a methyl 
(CH,) and carboxyl (COOH). It seems that carbon was readily 
available from an acid of this structure. This acid was sterilized 
_ by passage through a Berkefeld filter so as to prevent decomposition 

by heat. The cultures also obtained their carbon readily from other 
oxyacids, such as citric, malic, and lactic. In such acids an alcohol 
radical connects the carboxyl to the methyl group, as illustrated by 

CH, 


lactic acid, CHOH. The cultures were able to obtain their carbon 


| 
COOH 
almost as well from salts of such acids as succinic, acetic, propionic, 
butyric, valeric, and caproic, in which there is no alcohol radical, 
but one methyl group is linked to a carboxyl. 


22 


terms of Py values. 


in 


»f the organic-acid salts and urea 


vOns O 


TABLE 10.—-Complete results of the fermentat 


782, U. S. DEPARTMENT OF AGRICULTURE. 


BULLETIN 
S 
"eaiq | > 
‘ONO |] x 


[o>) 
‘ormddry | 3 


. . . . - sae SS . - - - . - * - - * . - - . . . a - * - . - - . - - 
COOOOOSCWTIETVOSSCOPrOCOOCOOOONDOCOPTODOOOPOWmSO 


[e 6) 
“oTJAOTIes xs 


OC EY OO GO GO 0D 00 00 6D 00 00 6D 00 CI EY GD 00 GO 00 0D 00 00 CY 00 00 69 00 00 00 00 C0 I 00 00 CN. 00 CO 
SHOSSSSSSSON SKE CSCHOSSSOSOK OSORNO SOOSOROSONOS 


lon) 
‘olozueg | 


ONHHHO AMXAMOROWONARBAAOAAMNMIAND BAMA 
SOME NK STIR SF SRE RK SORE SREREREKSCLTORERSSESS 


(o>) 
“OTOLIOT | 5 


EY DO HOD 001D DAD AADAAMNANDIAOAANOMAOOMNIN INN M1909 
NEEKKKKDOKHHODESSSSSHSRER SRK KHL HHKHSEKR HON SCKE 


“oTUOleAL | nN 


SSSCSSCSCOCSCCSOEE EN OCOCOSCOSCCOOCOSCSCOOCOOOCOS OOS 
NER R ERE OOOO RR REE RE EERE EEE EEO 


{ 


iS 
“OHeueL | 
| 


SSOSCSSSSCSCSCSCSCSSSSOSSSSSOSOSSSSONHSHOSCOSOSSOSS 
NER RR ERR REE EE ERE EERE OR OPP PONTE 


SSSSSSHHSAHASSSSSSSSSSSSSHSSHHSSSOSONE SONS 


oa 
“OHOOATDN | 
[=>] 
‘oIony | ss 
oe 
“oT0Ide’g | 


D> D2 D2 DOD. DODD DADAXAARAABRAAAMOAIAMNIOHAHAVWBWOHOHINOS 
OSSHSSSKHKN SK SSSSSSSSCSOSSSOMOSERESCOSOSROONS 


DOD C069 OP COIN ODNODUHWADANHAANGHNWAAMMMOONNGIHOASDDS 
SSSCSSSOMEKREEKKEK SK ESSSOSOSORNSSEESSOSORSSNS 


| 


jon) 
“OLIO[CAOST | = 


Pe NX KKK NRK ERE EEE SORE SORE EEE EEE EEE EONS 


“OHIOTBA | ~~ 


PAID HHO RWOANBDMIAWDNMOANSAMAAAAMHANNKNHOM TIO 
SSSSCSCSOMEEEKSSSSOSOPER OSH OEOSSREOSORERESSONNONS 


ion) 
omdyngdxOg| < Soe Se See eee ee eee eae eee 


‘udqngdxQ?| 


rm 
‘oraqoong | 


o 
“OTJOVT | a) 


ORR ERE RR EERE EERE ORK SSSR ER ERK SSSR N ORNS 


CVAD OD 0D 09 1 19 HID 1D HH OD 19 CO Od 09 09 G2 09 69 19 10 69 CO HID 09 69 69 E~ 09 21919 0 
Se ee ol od SSS ra 


@ || KTNOKh WH DODHDLN OR COOGHAADHMOCONMOOHHMOHODOMr 

omAing | 6 |i Ox Nx SSSRNARNKARKRKRNSSSSSSRNSXKKNSNSEKSENS 
l 

| NOMMBOCOKNRKNSCHDOCWDORBOCHUNMOCHAMOONODOMMMHOSONCD 


ommotdolg | oc fii kkk cSr NON nN Gr Sr GSN SSRN SSN ONSEN NN SN OONN 


oa ip OM HH HOMAH NHN HOHADR HOR MAHMONOANOHOH 


NOON EK KHOHHHHKHKHHOEERE SRE DHOHK HOHE EOEHOHN HOM 


1D 19 1919 1 00.19 19 CO HID OD INDONM HANAHAN DHADMMANNASCMHEMOSG 
HB 00 06 06 06 06 06 05.00 00 00 00 00 06 00 00 00 00 B00 00 00 00 00 00 00 00 I~ 00 00 06 00 06 00 00 00 


TRERRROANSCCHRHONARDDHNMOOHHOOCORONSRSOSONS 
[Po RDS ES ERIS ESO) oO BTCGEY 0 8 COS SES i el 


D> DD 2D DD COD OAD DOAN MN DOANAAAD DAMAGE AMWAAOOAE 
06 05 06 66 00 06 00 00 65 05 06 00 00 00 00 00 B= 00 00 0D 0D OH OD 0D 00 0G BH BO 0. 0 0 00 0 00 


06 66 06 06 06 06 00 66 60 00 00 00 00 06 00 OOD 0 OO 05 0 05 0 HH I WH I WH OH HOCH BH 


N Beco en a NM MD ORRDOKKRONMONDDORKOHOAKMOHOHON 


| &] 

eA | < 

OMNID | oN 

S 

Z 

2 = 
_ 

= 5 

= ' 

5 

S 

= 

— 

=| 

[o) 

.@) 


i aie Gee a Ce ht eri a a OL LOM LMN b=) ADI NO Laan Ge Dl 
Sumye; de Batittag. ‘aie Yea ipa iwcerst wloyn aknvel Mex? Geta Rina Myre) Mavite ve a earventy Mie /u te hc icicliy <a mn es ae mS 
He RI Sa oy EOD. CEC de ku dad ieee Das wyhs Seems we 
eae om Or CaO OF a ed ere Ona ee ckeawa aba bas 3 45 = 
Serre inane net Rae sae See aia eid hy ttt el gle ma 2S a 20S 
ee tee Ta Cy ae RAE eC DCRR AMON cece Gide oe Of oo eos ae 
achat ee ee ey ache eae eta SOLO, et th CS Ltt WG kL St aod ce a eS 
ree ec ee ee ee fe ee yee pete Le Ve eWt er Ce eo aes oo OS 
Cece a he eee hae yes ene ) ab eo ore De wo Geta, & PMS ho. = 
eee a ae mee rer mere aeS, (hil see tr Oe Jeo co Cr Ont 2 7 Oy Of Selo gS 
pw a eek tle Be ce” fe p'eteia, WE Wied a) yews, Foy tin, te) Sut Mula) Meeieite co Shere ee eee 
Pee eer aay fee ee ek Po i fe te oe Ee re yy puke Chat e oe at i Cov SS ey 
Peat at ee ee ee a es te ees tae an he ey Tee eer mechs tech Seckey Oh O. 2ers Feb feet 
esOOm tft tt wt 8 8 tet ND HID OR OM NOD MOP OO HA 
HRESSSonneasnasanSSSSSSSSrRA rar ARANga 
et et OD et et OO SL COCR PAs NAN nS NS NSS 


. 


OCSHSSSSSSHOSONMSKHSHSSSSSSSSSSSSSSOSCSS 


41 


SHSHOSH SH SH SH SH SH OSH OSH OCU HS HOH OSH SH oH HH SH SHH HH SHH HH 
PS Se Se Se el Sieol Stat Se ee a eT 


D2? DD. D2 D2 9. OD D2 D Pe D Pe DO DD |DY HDHD DY AH HDHD DD HD HD HD HD 


SSHSSHKSSKHENGHSSSSSSSSSSSSSOSSOOSS 


IQ HOA DIDH HHOHEANOANABANIANOCWANADOOAN 
TSH OOK NOK KHSHKSKHSESSHSHHOHKWHSKKHHWO 


I 


SSSCSOMMOSDSDOONDOOMOSCSCOrCOCOOSOSCSCOrSoS 
EK NOOR KK RR ORR ORR RR ORR RRR RRR ORE 


11 


SD? D>? D2 DNC D2 D2. 0 DAU DN DDD HAHAHAHAHAHA HAYA HHH 


SSSSHKSSHSHSHSSSSSSNSOSSSSSSOMSSS 


D2 D2 D2 D2 D2 D2 DDO D1 D119 DD DD DP AHAAAADHDAIADP HOH 


© 00 CD 00 > IDIN HONDA AI ANTAAAANHAMHOHHAM 
SSSSHSSSCSNMONEKKNSCKSNOSKROMKEKNSOKENS 


AODHHAMAAMMANMANANKRMRHAANANARNAAD 
Ree core eee ror err seornrrernrr sr srs 


DADORARBN HOOK AN MOMNNMOANAANHRMRHAR 
ON Sor SON PPP heehee eer ore rrorrernn 


HOOHOONHHHAMHHOOHHMODOONONHROHONS 
MOSM SOOPER ERE NK OFENRSSOSSORENKKSCOSOKRONKN 


CD OD I OD Od D> OD AV CO HOD HID ED 19 OD CD OD HOD AI ED ED OD OD OD AOD 
RNR EOS RRR ERR ER EERE ERE EEE REE SS 


DID HMORMRWOOWHM INDO OMOHHHHOONORONNKNN 
SSCSMOSCNMONORE RRR OPE EEO EEK OFKKN 


HOD CDAD AD OHAOMWMOMAINDRMNMDARROOMHAMAND 
REE SSRN OR RRR ORK SRR EER OOR EK N GS 


COD COCO HHO WWD ORDORMWOARMOMAMNAHSOHONNOH 
WOH OOM HOHAAMOHHHHHSrSrOSr Nr NKNDOeNSN 


DON 00 CO Ol OO 19 WOINIDONADWAWMIIIDNDMANKNR AN 


63. 


00 60 00 00 00 06 00 06 60 00 06 00 06 06 06 06 00 EX I 06 06 06 00 COON IN 06 06 06 


DoogooconccosbucootOndOaOOUNO 


L2G iat Be mca es Cee 
LOB pe APs eens Pick ete es 
Pet ay ts either Sree care 
LOS Re tee eens nce cics se dens 
ASA Broce otis css oe wee Be 
lB oa e Gee 6 Seas dase re are 
I Glisas steko gecies «seueeboronn 
US Y/ See Gan Gee cea SEO aSereaE 
Oe an cy eee os eae 
1D a otna coeSE Sons Semone ae 
10D) Set ao Sees eee ee 
VAS Ee ens ee nisten ate eens 
LAGS eteGee cone Fonte oe Sie Be 
1D aids Gaur saeoe aaa ea ee 
WAG ee ae era e Sees 
UA ete re rn me eas 
OR Seen Gaerne Sea ao anermr en 
SOO BRS ER Re ease Se ast cle en 
SNe ae as Sa sae 
SU eee tes ae igen 
OO) oo ese ees un teen sete 
SWil. Seceia jsceeee oto ee 
BY). SGSSA gue oMpEene Oe eee 
325 

OOO pre en ee nt. Seno was 
3/0). ceocusuee dese Gee enanon 
GS nas Sanne ater ene nee as 
0 Osea fee oe cis ee mea ee 8 
Stl ScSosdaocereensoge Eeoeesos 
OO Directs cosine cis wing Sie Se eens 


NotTEe.—AIl cultures fermented p 


Number positive............. 
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d and none fermented oxalic and glycol 


yruvic acl 


1 Reactions were not determined on account of high color of the medium caused by bacterial growth. 
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The table shows that only a few cultures were able to ferment 
mucic, tartaric, and glyceric acid, in which there is a secondary 
alcohol radical connecting a carboxyl with another alcohol radical, 
as in mucic COOH(CHOH),COOH, tartaric COOH(CHOH),COOH, 
and glyceric CH,OH(CHOH)COOH. It seems to be somewhat easier 
for this group of bacteria to obtain carbon from glyceric acid when a 
primary alcohol radical (CH,OH) replaced a secondary (CHOH). 
Only 7 cultures were able to ferment tartaric acid, while none of the 
68 cultures were able to utilize glycolic acid. Tartaric acid has a 


CHOH COOH 
structural formula | where an alcohol radical is linked 
CHOH COOH 
CH,OH 
to a carboxyl and another alcohol, while in glycolic | an alcohol 
COOH 


radical is merely linked to a carboxyl. This difference in manner in 
which the alcohol radical is linked to the carboxyl may make it 
possible for some bacteria to ferment tartaric acid. In malonic 
/ COOH 
acid CH, two carboxyls are linked by a methyl group and it was 
\ COOH 

found that 11 of the 68 cultures were able to obtain carbon from 
this source, while none of them were able to ferment oxalic acid 
COOH. 

| when 2 carboxyl groups are joined directly. In this case 
COOH : 
it seems that the presence of the methyl group connecting the carboxyl 
group makes it possible for a few cultures to obtain carbon, probably 
from the methyl! radical. Our results indicate that carbon is not 
obtained from the carboxyl group, since none of the cultures were 
able to utilize oxalic acid. This, however, may be due to the poison- 
ous character of the acid. Whether this nonfermentability of the 
exalate is due to the configuration of the molecule or to the poisonous 
character of the compound, it is interesting to note that the work of 
Doryland (5) confirms this result as he was unable to obtain fer- 
mentation of oxalate when used as the only source of carbon in a 
synthetic medium in which 225 different bacteria were studied. 

A large number of the cultures could utilize carbon from the 
sodium salt of formic acid. It is possible to consider the structure 

LO 
of this acid HO-C and it seems evident that the carbon can be 
Nal 

obtained from the aldehyd radical. If the structure is taken as 
H-COOH the organism would have to obtain carbon from a carboxyl 
group, and if they are able to do this with formic acid they should be 
expected to ferment oxalic acid. 


t. 
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TABLE 11.—Summary of the fermentation of the organic-acid salts. 


ea er 
Oo : 
Acid. Chemical structure. cultures Remarks. 
ferment- 
ing. 
Ay UVa ere OEs COC OO Hes Mee gee. ae eae 68.| ketone connecting a carboxyl 
and a methyl radical. 
CH2 —COOH 
CHANCE SAAR RA Snes COETR—C © Osea Seige has ESS Nee 63 
CH2 —COOH 
J CH—(OH) COOH 
BVI ahi Capea eta ee tor et elite i tok pale Sia av eta, n ani Wiel e/ave /iaiaie 65 |;Secondary or tertiary alcohol 
(clCootl ' radical linked to a carboxyl 
Thonte eye ne ee CHOH en g7 || and to a methyl radical. 
COOH 
Somat ana noon Hen I ARR ig KOE Ga UPR 64 
INGRMESS SAS one CHES C O OTE ene ee yas De eg) 67 
Propionic... -.--- CH3 CH, COOH....... Re a UAC sabe Leu eae) 58 |{(No alcohol radical. Methyl 
linked to a carboxyl radical. 
Batiymies 2. 2. ela CEoi|CH> COOH ee eee ee. e 51 
VATOTIC oe cs) CH3 CHe CH, CH2 COOH.............-.-. 49 
Caproic neoodaege CH3 CHe CH2 CH, CH, COOH........-.-.-.- 52 
WUHNCHO 4 bes ees ee COOH Oy (CHOH) (CHOH) 11 
(CHOH) COOH Alcohol radical linked to a car- 
boxyl and to another alcohol 
Gilycenict aise: CH.OH (CHOH) COOH................ 16 radical. 
Martanic we uee' COOH (CHOH) (CHOH) COOH.....---.- 7 
OR ae rea. {Coo ws Near sat eR a TD lh 0 | Two carboxyls linked together. 
F _— COOH Two carboxyls linked with 
HONE oon CHa < Coon, Sonne nc Syses eae i \ methyl radical. 
Glycolic (Geon 0 ate alcohol linked with a 
in ol Be ty i ols AReoP adical Linked ‘to b 
at CZ ehyd radica e o hy- 
HORM C HEA 22ers ase CC oH SUE SRE WAN Pe ER Dt EN 51 \ droxyl. 
Benzoic......... | (OKO AO) S escape eee UC arn hg 16 
enone Benzol ring. 
Salieylieses 2) he | [ONS US SRM Me Sree e Sunnie tae en nee ee 12 


Total number of cultures, 68. 


Some of the bacteria were able to obtain their carbon from benzoic 
and salicylic acids, in which case it was apparently necessary for the 
bacteria to split the benzol ring. If they could obtain their carbon 
without splitting the benzol ring they would have to take it from the 
COOH group, and if it was possible in this case, it would be expected 
that they could also obtain carbon from the COOH group of oxalic 
acid. ' The sodium salt of benzoic acid was fermented by more cul- 
tures than that of salicylic acid, as is shown by the fact that 16 cul- 
tures fermented benzoic and only 12 salicylic. The stronger anti- 
septic property of salicylic acid, which possibly is due to the presence 
of the hydroxyl eroup, may Hike it difficult for some of the bacteria 
to grow in the presence of the acid salts. 
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Thé results of the study of the fermentation of the organic-acid 
salts indicate that some of the bacteria could obtain their carbon 
from the methyl, alcohol, or aldehyd (as in formic acid) radical of 
the salts of organic acids but not from the carboxyl group. Carbon 
was most easily obtained from the methyl group, as is shown from 
Table 11, where it is seen that most of the cultures were able to obtain 
their carbon from acids which had no alcohol radical, such as succinic 
or acetic. They were able to obtain it to about the same extent 
from citric, malic, and lactic acids, which contained both the methyl 
and alcohol radicals. In this case it is believed that the methyl 
radical supplies the carbon, since acids containing merely the alcohol 
radicals were not readily fermented. Only a small number of the 
cultures utilized the carbon from the alcohol radical where it was 
linked with a carboxyl and another alcohol radical, as in mucie, 
tartaric, and glyceric acid. The carbon did not seem to be utilized 
from an alcohol radical linked only to a carboxyl radical, as in 
glycolic acid. Pyruvic acid was easily fermented by all the cultures, 
and in this case the carbon may come from either the methyl or 
ketone radical. A. Fischer mentions in his book ‘‘ The Structure and 
Functions of Bacteria,’’ published in 1897, that bacteria are able 
to utilize carbon from the methyl radical more readily than from the 
alcohol radicals and they are unable to utilize the carbon from the 
carboxy! radical, as in oxalic acid. Our results confirm his opinion 
in the matter. , 

When the salts of organic acids were fermented an alkaline reaction 
was produced in most cases, the exceptions being butyric, valeric, 
and caproic acids. In the case of these acids the fermentation may 
proceed in one of two ways: Either the methy! radicals may be 
oxidized until a carbonate is produced and the medium becomes 
alkaline, or the acid may be split into other acids containing fewer 
carbon atoms. For example butyric may be oxidized as follows: 

CH, CH, CH, COOH+0,—2 CH, COOH 
butyric ACetCh 


CH, CH, CH, COOH+0,=HCOOH+CH, CH, COOH 
butyric formic propionic 


The oxidation of butyric acid to other acids may account for the 
increased hydrogen-ion concentration produced by certain alkali 
bacteria, since under ordinary conditions this concentration is lowered 
by the production of carbonates. Both these forms of fermentation 
may take place at the same time, but in the great majority of cases 
one or the other predominated, as is shown in Table 10. While 
many of the cultures produced an acid reaction in n—butyric and 
n—valeric acids, all those which fermented isobutyric, a or B oxy- 
butyric, and isovaleric acids produced an alkaline reaction. 
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In order to show whether the alkaline reaction was due to the 
production of carbonates or bicarbonates, or both, Table 12 has been 
prepared, using the organic acids which were utilized as test sub- 
stances in this investigation. Here again attention is called to the 
fact that the essential process in the production of an alkaline reaction 
is the replacement of the relatively strong organic acids by the 
relatively weak carbonic acid. The figures in the table are based 
on the complete oxidation to the carbonate or bicarbonate of 100 ¢. c. 
of a 0.1 per cent solution of the acid. In the next to the last column 
of the table the tenth-normal equivalent is given in cubic centimeters 
for both the carbonate and bicarbonate. This table should be 
studied in connection with the plot in figure 1 which represents the 
change of any of the 
test acid salt media 4, 
from the initial P,, 6.9. 
The resulting hydro- 
gen-ion concentration 
obtained when known 
amounts of tenth-nor- 
mal NaHCO, were eo 
added to the medium _ 
above is represented 
by one curve. The 
other curve was ob- 
tained similarly by 
plotting the resulting 
hydrogen-ion concen- 
tration when known 
amounts of tenth-nor- 


mal Na 2 CO, were ric.1.—Curve showing effect of addition of bicarbonate and sodium 
added to the same carbonate on the reaction of the sodium-ammonium-phosphate 
medium. 
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synthetic medium. It 

will be noted that the large quantity of alkali generated by some 
of the fermentations could not possibly be due to the complete 
oxidation of the acid to bicarbonate. Let us take, for example, 
propionic acid; on complete oxidation this acid yields an equivalent 
of 1.3 cubic centimeters of tenth-normal alkali. From the curve it 
is seen that 1.3 cubic centimeters of tenth-normal alkali gives a hy- 
drogen-ion concentration of P, 7.9 while the average hydrogen-ion 
concentration of the alkali group of bacteria which fermented pro- 
pionic acid was P, 7.4. 

From this it is evident that the entire amount of alkali produced 
from this organic-acid salt might be accounted for by the production 
of sodium bicarbonate. On the contrary, if we examine the figures for 
glyceric acid it will be found that this acid on complete oxidation yields 
an equivalent of 0.94 cubic centimeters tenth-normal alkali,which corre- 
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sponds on the plot to a hydrogen-ion concentration of P, 7.65. The ay- 
erage hydrogen-ion of the cultures which fermented this acid was P, 
8.1; therefore the alkali produced by the fermentation of this organic- 
acid salt can not be due to the formation of sodium bicarbonate alone 
but must be due to sodium carbonate, or a combination of the two. 
In the. 14 acids calculated and shown in Table 12 by similar manip- 
ulation of the plot, it was found that 6 of the acid salts, namely, 
citric, malic, succinic, glyceric, tartaric, and malonic produced 
alkali enough to account for the production of sodium carbonate 
alone, or the carbonate and bicarbonate together. The remaining 
acid salts can furnish alkali enough upon complete oxidation to 


account for the entire alkalinity either through the formation of 


sodium bicarbonate alone or a combination of the two. These plots 
do not show exactly the conditions found in the cultures when there 
is a replacement of a strong acid radical by the weak carbonic acid. 
Although these plots show only the effect of the addition of car- 
bonates, they nevertheless clearly indicate the tendency of both the 
carbonate and bicarbonate to decrease the P, value of the medium. 
They further show the relatively weak effect of bicarbonate when 
the medium is at a P, included in the zone where the carbonic- 
bicarbonate equilibrium is obtained, and indicate very nearly the 
quantitative effect of the replacement mentioned above provided the 
acid replaced has a dissociation constant much larger than that of 
carbonic acid. This last condition does in fact apply to all the acids 
studied. 


TaBLE 12.—Theoretical carbonate production from organic-acid salts, together with the 
average Py value produced by the alkali-forming bacteria. 


\ 


NayC Cia NaHC oa ob- * 
; tained by tained by ane verage 
cid complete complete Haus hydrogen- 
; oxidation of | oxidation of | q /10 alkali} 100 con- 


0.01 gram of | 0.01 gram of centration. 
acid. acid. 
Gram. Gram xc: Px. 
Citrics on Se aS ea eA se EE eed 0. 008275 0.01311 1. 562 8. 53 
SIVELY ee oe hee Ie Ae Ts I 007905 - 01252 1. 490 8. 56 
Jun GM Oo Soma Sao tose doa SoS eReenseBac oe Ie asasesasec 005887 009333 1.110 Woda 
SUCCINIC He ey.) /ee oy See ES EUS Sea Ree . 008974 . 01422 1.693 8.32 
EN COLI CEE ee ne tae Aine See en ene em a ee Mice Aree ee . 008822 - 01399 1. 665 8.00 
PrOprioniC ss Sve seo ses see ces ete eee eee . 007158 - 01134 1.351 7.42 
BULTIC. farsa eae Soe eae ae Se Ss ee ee eS a eee eae wl . 006019 - 09541 1.136 TeX 
IMI CIC St eB 6 Ee Ao) ae NE Tis ENS RY - 005165 - 007997 - 9520 7. 53 
GUy.Ceric. 2 ose iN ae RRA sel aed eS RR es . 004996 - 007921 - 9429 8.10 
Tartaric: Ye 8 ae er Ned OE OLAS d 7 ERE BO . 007062 . 01119 1.333 8.33 
Ma OTIC’. 28) rept ete a yf ack ea Sa ATR . 01020 - 01615 1. 923 8. 66 
OTIC Se Ne SA Ae ae SEE SR Ere ak oh, Be - 0152 . 01826 2.169 8. 20 
1 8X2) 01/{0) (6) See aaa ey eps ee Ms TY NGL A aie eRe LE ah . 004341 . 006882 . 8191 alo 
Baliclie iis (Nees ae WM iit ac ee ey Cy ea ea ‘ . 003838 - 06084 . 7241 7.2.25 


When hippuric and uric acids and urea were used no other source 
of nitrogen was supplied; therefore the organisms had to obtain both 
their necessary carbon and nitrogen requirements from these com- 


é 
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pounds. The urea was sterilized through a Berkefeld filter, so there 
was no ammonium carbonate present as would have been the case 
if the ordinary method of steam sterilization had been employed. 
Ammonia was an end product from all three of these test substances, 
and with urea the only alkali end product possible. Jeference to 
Table 10 shows that 13 of the cultures fermented hippuric acid, 8 
uric acid, and 41 urea. In addition to the 68 cultures of alkali- 
forming becieri isolated from dairy products, the fermentation of 
the organic-acid salts was tried with 55 known cultures, namely, 37 
strains of dysentery, 6 of proteus, 6 of typhoid, 3 of paratyphoid, 
and 1 each of B. abortus, B. bronchisepticus, B. fecalis alkaligenes, 
and B. enteriditis. The results of the fermentation of the citric and 
lactic salts and litmus-milk reaction are given in Table 13. It is 
evident from the results that all the cultures fermented the citrate 
and a large number of them the lactate. Many of the cultures gave 
characteristic milk reaction of the alkali-forming group of bacteria. 


TaBLE 13.—Fermentation of the sodium salt of citric and lactic acid together with the 
milk reactions of known cultures. 


Pu value, 3 Pu value, 3 
Litmus-milk days at 37° C. Litmus-milk | days at 37°C. 
Culture. reaction, 7 days Culture. reaction, 7 days tae 
at 30°C. at 30°C. 
Citric. | Lactic. Citric. | Lactic. 
Control Beware ae ee a 6.8 7.2 || Dysentery— 
\ SS Continued. 

Proteus: Seca Alege ses No change...... 7.4 7.3 
JM Op Seed rs Alkaline........ 8.4 6.9 Oe seer hee Slight acid.....- 7.4 7.1 
JOINER Aes lees GO eee 8.8 8.6 LO eee eae No change. ..... 7.4 7.4 
TN OOS Bc GO a isa. 8.3 USD 1 LES a pena aS IS RE GOSPe: Seniaec ss 7.4 ek 
IAC Vibe ek Gos. 8.3 7.0 TED Snes oa asia cies abe em Contes 7.4 Ho® 
AMID RSs ee Gowers 8.4 7.3 MLS Sees Und et Coagule ted, acid. 7.4 7.4 
INIDC GS Haller GO? Seg 80! 8.3 7.0 Moker Eee Slight acid. ..... 7.4 7.3 

Typhoid: I Raya teases nate ng Gone iel ea 7.4 WEA 

CO eas ee Coagulated, acid. 7.5 Wao LGU Shae esa Alkaline........ 7.4 7.5 

GOS messes No change. ....-. 7.4 eo} Ue eens No change ...-..- 7.4 7.4 
Rowd...... Alkaline. ....... 8.4 40 LS a Soe a LIS ie Got 7.4 Cail 

M. T.S....| Slight acid. ..... 7.3 Woe PAVE MOS sean mea Obes a Wienuc, 7.4 183 
Hop Coagulated, acid 7.4 7.3 PALA aise Aenea MORE San Says 7.4 7.2 
HOD 22s sale ese CKO) SRE eee O50) 7.0 DPN SN See Coagulated, acd. 7.4 7.8 
Paratyphoid: DB a anes Slight alkaline. . 8.6 Lost. 
TG) AE Nees aes No change...... 7.4 7.0 DA evant ies Slight acid...... 7.4 7.0 

DPN Na a LAN Alkaline. ....... 8.5 7.3 DO eA Sala Goes sei 7.4 7.0 

Dos ee PESTA | hieaieis GOs eee 8.5 aided PANG E SOE AEN Oe eee 7.4 7.0 

1556, CIKGPUUBHISS c SSo seo qe ae sees 8.5 7.3 DATE ae CLES erat laae No change. ...-.. 7.4 7.4 

B. abortus......|.--.- ClO genoa 8.4 7.5 QB GMO NEE a (6 Voy a aaah Nes 7.4 Wed 

B. bronchisepti- |..--- Osea ao 7.3 7.3 YS Nai ene ryaliae es CC Ko) aise pee cilseot 7.4 7.3 

cus. SOOM SOR 8 GO eae 7.4 7.4 

Dysentery: Ob eae La GO See 7.4 (66) 
Dai ei Ni ne No change...... 7.4 7.3 BER See Slight acid.-..... 7.4 eal 
Da Ata TAA AUS GOB ars 2s os 7.4 7.1 Pa eg a No« change.*..... 7.4 7.5 
SRR aia Slight acid:..... 7.4 7.3 Pape Te a ay aaa De ee Go sees 7.4 7.3 
Asi Ws Aiea dae No change. ..... 7.4 nd hoy esis aaa ea Nee CO ai 7.4 7.3 
ESS eh gl Sve Slight acid...... 7.4 7.4 SO eres Las (ieee GO wee ae 7.4 Ue 
Gea ee eee see oe GO ue ee etka A 7.4 SSSA SM Slight acid. 7.4 7.0 
Tha ea No change. ..... 7.4 7.0 Be Mae ISIE No. change.....- 7.4 7.4 


The salts of organic acids not only serve as a source of carbon 
for the alkali-forming bacteria and, therefore, are valuable test 
substances, but their use need not be limited to the bacteria of 
this’ group. In fact, it seems probable that they may have an 
extensive application in the study of other groups of bacteria. 
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REDUCTION OF NITRATES AND NITRITES. 


In view of the fact that all the organisms of the alkali-forming 
group of bacteria could utilize nitrogen from nitrates, it is certain 
there must be a reducing action. It is of interest, therefore, to 
point out the action of these bacteria in reducing nitrates to nitrites, 
as is shown by the ordinary tests for reduction generally used in 
bacteriological work. The reduction of nitrate to nitrite was first 
tried in the ordinary nitrate broth, which consisted of 0.1 per cent 
peptone and 0.02 per cent potassium nitrate. Cultures were incu- 
bated in the broth for seven days at 30° C., then tested for the 
presence of nitrite. The results of these tests are shown in Table 
14. It will be seen that according to this test only seven cultures 
reduced nitrate to nitrite. Reduction of nitrate-was then tested 
by using a medium in which beef extract was the source of nitrogen. 
In one case 0.2 per cent extract was used with 0.02 per cent nitrate, 
and in another case.0.1 per cent extract with the same amount of 
nitrate. The results in the table show that after 24 hours in the 
0.2 per cent beef extract 11 cultures reduced the nitrates, while in 
the 0.1 per cent beef extract 18 cultures gave a nitrite test. After 
seven days’ incubation 47 cultures reduced nitrate in 0.2 per cent 
beef extract and 40 cultures in 0.1 per cent beef extract. 


TABLE 14.—Reduction of nitrates and nitrites in simple and complex media. 


0.1 per 
cent pedi nitrate, | Padre nitrite, 
pep- | 0.2 per cent; so- | 0.2 per cent: so- - 
tone, Oe et On eee pees dium-lactate, dium lactate, 
0.02 per ? - z dts 0.25 per cent; 0.25 per cent; 
cent | Per cent potas- | per cent potas- | <odiym-divasie | sodium-dibasic 
slum nitrate. sium nitrate. 
potas- phosphate, 0.1 phosphate, 0.1 
Culture No . 
SNA T = sium | per cent. per cent. 
< nitrate 
Nitrite | Nitrite | Nitrite | Nitrite | Nitrite | Nitrite| Change | Ammo-| Change 
test, 7 | test, 24 | test, 7 | test,24| test, 7 | test, 14] in titra- |nia test,} in titra- 
days. | hours. | days. | hours. | days..| days. tion. (14 days.| tion. 
Controls vas scbe oe ee _ Spl) ne eae — —0.05 — —0.10 
<1) A eles AOR a oh eee = sk = = + = Fl) = —0.72 
1 ts 5 ea oe bap a Rete hoagie ae a — — _ — .93/ = — .84 
Tih SAE BS ee Pee ates Sy = = = ee — .59 
1H); gatas eA ee ete = = =: == 030 eee — .76 
ree: Sik = pees. spe == = _ ae =o =1.28 
EDs ee eR Se yr: = = + — | + =e == Ay fee —1.08 
Tits «apostle BI ape beeare = = = = = aE 1205 = 1.71 
WA 5 Se Re Beene: — — — _ — -- —1.18 _— —1.21 
Gime ene Oe tees eee — — —_ — _ _ —1.21 _ —1.16 
eS 35 eee — — - — oa + — .as _ — .66 
DO pha Sei sare terion ete + + + + ° == =F 0! = — .42 
iC estan e a eee, pees te — -- — — + — .95); — = 
[toe eee ne Ss SEE — — _ aw aah | ha ~ — .95 — — .9d 
ta) ate ebepbiie = sels Seed — — — capes (peta ed eal eee lo | a= 0 
If. 2 Sete Se Seon ale Sas — — + + + + | — .84 — — .87 
| | 
A ee ee eee + ee Nia bet + — .92 = —1.26 
LOR ore rN a _ aS wt i, hae 2s = ALNON © pt eee 
71) (CAEN aes giants - BE cs = a Nera + — .82 - — .49 
iL UAL a Slice be My Meee - - + | + > + — "89 | Se os ia 
i Re Se een ee ae 6 — _ - | — + + —1.27 —1.05 


1‘°Q’? means no change in titration. 2‘*Q’? ynder nitrite test means no growth of culture, 
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TaBie 14.—Reduction of nitrates and nitrites in simple and complex media—Contd. 
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.| extract, 0.02 extract, 0.02 2 ’ 
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Nitrite | Nitrite | Nitrite | Nitrite | Nitrite | Nitrite; Change | Ammo-) Change 
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1D) 6 ps icon OSE MOE eaten — — + + + + —1 03 = — .96 
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1 ee ate Seba ea i ee — = a — = + — .76 — — .7 
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It is interesting to compare the number of positive nitrite tests 
in the peptone nitrate broth, where only seven cultures gave a 
positive nitrite test after seven days, with the 0.2 per cent beef- 
extract nitrate broth where 47 out of a total of 68 cultures showed 
a nitrite test after seven days. This small number of reductions 
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of nitrate to nitrite in peptone broth was probably due to the fact, 
which has been previously explained, that the organisms of the 


group did not develop well in peptone solution. While they could — 


use it as a source of nitrogen with a suitable source of carbon, it 
was a poor source of nitrogen when used alone. With beef extract 
a source of carbon was probably supplied for the alkali-forming 
bacteria from the salts of the organic acid present in the ex- 
tract; consequently these bacteria could grow better, and as a 
result there was a larger number of cultures which could reduce the 
nitrate to nitrite. 

It has been seen, however, that these bacteria could utilize nitrogen 
from nitrate; consequently it should be expected that all the cultures 
should show a reduction and a positive nitrite test. Tests were 
made, therefore, in a medium containing 0.2 per cent of sodium 
nitrate, 0.25 per cent sodium lactate, and 0.1 per cent sodium- 
dibasic phosphate in distilled water. This medium was inoculated 
and incubated at 30° C. for 14 days and then tested for the presence 
of nitrite. Table 14 shows that 57 cultures gave a positive nitrite 
test. Seven did not grow in the experiment, although at other 
times they grew in the same medium. The remaining four cultures 
did not show a positive nitrite test. In order to show that there 
was a growth in all cases except the seven mentioned, titrations 
were made to determine the production of alkaline carbonates due 
to the oxidation of the sodium lactate. It will be seen from the 
table that all the cultures except those which did not show any 
growth produced an alkaline reaction. Even the five cultures 
which showed negative nitrite tests produced an alkaline reaction, 
showing that the nitrogen for growth must have been obtained 
from sodium nitrate; consequently there must have been a reduction. 
The probable reason why there was growth without a nitrite reaction 
is because nitrites may be utilized by this group of alkali-forming 
bacteria as well as nitrates. This is shown in Table 14 through the 
alkaline change in reaction in the medium composed of 0.2 per cent 
sodium nitrite, 0.25 per cent sodium lactate, and 0.1 per cent dibasic- 
sodium phosphate and distilled water. 

It will be seen from the results that all but 5 cultures produced an 
alkaline change, showing the ability of the organisms to utilize sodium 
nitrite as a source of nitrogen and consequently reduce it. The five 
cultures that failed to show the nitrite test in the sodium-nitrate 
medium all produced an alkaline change in the sodium-nitrite-lactate 
medium. It is probable that these ‘organisms failed to show a 
positive nitrite test because the nitrite was used up as soon as formed 
from the nitrate. Since these alkali-forming bacteria could reduce 
nitrite, it was natural to expect that it might be possible to determine 
the reaction by means of the determination of ammonia as shown by 
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Nessler’s reagent; consequently all the cultures in sodium-nitrite- 
— Jactate medium were tested for the presence of ammonia. The test, 
however, was found to be negative and since it was known that these 
bacteria could utilize ammonia as a source of nitrogen the results 
indicate that as the nitrite was reduced to ammonia the latter 
was immediately used up. 

The results showing the reduction of nitrate and nitrite by the 
alkali-forming group of bacteria are of particular interest, since they 
point out the difficulty of obtaining accurate tests for these reductions 
without a thorough understanding of the physiology of the bacteria. 


ARBITRARY GROUPING OF THE ALKALI-FORMING BACTERIA FROM MILK. 


An attempt has been made to arrange into groups the 68 alkali- 
forming bacteria used in this study in order to show the possibility 
and emphasize the use of the organic-acid salts, carbohydrates, and 
alcohols as test substances when used as the only source of carbon 
in a synthetic medium. In the chart, figure 2, it may be seen 
that the cultures have been divided first according to their morphology 
into cocci and bacilli, then further subdivided on the basis of their 
fermentation of dextrose. After the division of the cultures into 
positive and negative dextrose, they are again divided into sub- 
groups according to their ability to ferment mucic, tartaric, malonic, 
or glyceric acid salt. In this grouping, in order to differentiate fur- 
ther and bring out the main points of difference in the cultures, the 
following organic salts were used—formic, butyric, valeric, hippuric, 
uric, and urea. While these organic-acid salts were used to group 
the cultures, it often happened, that other easily fermented organic- 
acid salts not mentioned had to be utilized to distinguish the different 
‘ subgroup members further. Examples of such are the salts of 
malic, acetic, and citric acids. 

For the convenience of those who may study alkali-forming organ- 
isms each subgroup has been given an arbitrary number. The fer- 
mentation of dextrose and the salts of the organic-acid salts men- 
tioned were, for the purpose of this paper, considered primary char- 
acteristics in distinction to the secondary characteristics which are 
shown in the lower half of figure 2. It is of interest to observe that - 
the alkali-forming bacteria studied in this work and grouped accord- 
ing to what are considered primary characteristics, also had secondary 
characteristics which correlated with the primary.- Thus by refer- 
ring to the chart it may be seen that all the fluorescent cultures fell 
into subgroup 4, all the gelatine liquefiers fell into subgroup 6, while 
all the cultures that fermented the alcohols, such as mannite and 
glycerin, fell into subgroup 9. The only cultures that showed gas 
in dextrose broth also were in subgroup 9. The pigment formers, 
which were also the cultures that fermented saccharose, fell into 
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subgroup 11. Another noticeable secondary characteristic was the 
uniform limiting P, value in dextrose medium A, the composition 
of which was given on page 13. Each subgroup of the dextrose 
fermenters utilized the carbohydrate to a practically constant limit- 
ing hydrogen-ion concentration, as is shown for example in subgroup 
10, where all the 6 cultures fermented dextrose to Py, 6.2 after 7 
days’ incubation at 30° C. The reaction in milk was similar in sub- 
eroups 4,5, and 6. In these 3 groups there was first a primary alkali 
fermentation which was followed by what was apparently a second- 
ary acid fermentation, during a period of 30 days’ incubation. The 
secondary characteristics of this group have been given in detail so 
as to emphasize further and show the possibility of the new method of 
grouping alkali-forming bacteria according to their ability to utilize 
carbon when supplied in a synthetic medium from organic-acid salts, 
carbohydrates, and alcohols. It was impossible to make this study 
cover all types of the alkali-forming bacteria, because the definition 
chosen for this group is so simple and yet so comprehensive that it 
must include a very large number of species of bacteria. Therefore, 
the scheme for grouping this particular collection of alkali-forming 
organism is not intended for a definite classification of all the alkali- 
forming group of bacteria. It should serve, however, as a possible 
basis for future work along this line and particularly to draw attention 
to the fact that the fermentation of organic-acid salts is a reliable and 
important means for classification, especially for organisms of this 
type occurring in soil. 


SUMMARY AND CONCLUSIONS. 


1. The alkali-forming bacteria may be defined as those bacteria 
which produced an alkaline reaction in milk without visible signs of 
peptonization. In litmus milk this reaction appeared sometimes 
within 48 hours, usually within 5 days, while occasionally a longer 
period was required. The alkaline reactions were caused primarily 
by the oxidation of the salts of citric acid to alkaline carbonates. 
Other organic-acid salts if present in milk may also be similarly 
fermented. Ammonia played little or no part in causing the alkaline 
reaction during the first 7 days of incubation, but at later periods 
a few cultures produced considerable ammonia. Several cultures 
showed a primary alkaline fermentation which was followed by what 
was probably a secondary acid fermentation. 

2. The alkali-forming bacteria studied were isolated principally 
from milk, a few being obtained from ice cream. ‘These organisms 
were found in large numbers in numerous samples of soil and also 
water. They were present in large numbers on the hands of farm 
laborers, and in unsterilized milk utensils. While not present in 
the udders of cows, the alkali-forming bacteria were present in 
relatively small numbers in cow feces. It seems evident that the 
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organisms of this group found in milk were principally soil bacteria 
introduced into milk largely from unsterilized utensils, with dust, 
or from the dirty hands of milkers. Cow feces may also play a small 
part in the contamination. In general, soil can not be considered 
the only source of these organisms, because there are many bacteria 
from other sources, which would be placed in this group on account 
of producing the characteristic milk reaction. 

3. Cultures of the bacteria included both cocci and bacilli which 
grew best aerobically at temperatures ranging from 20° to 30° C. 
When heated in milk for 30 minutes, the thermal death point of 
these organisms ranged from 60° to 65.6° C. No spores were ob- 
served. Most of the cultures produced aslimy growth on agar, several 
showed fluorescence and a few showed pigment formation. 

4, Sodium-ammonium phosphate was used as a source of nitrogen 
in the study of the alkal-forming bacteria. While the organisms 
could utilize nitrogen from numerous organic materials when suitable 
sources of carbon were supplied, either contained in them or supplied 
from other sources, it was found necessary in studying the fermenta- 
tion of test substances to have a definite source of nitrogen free from 
carbon. 

5. In studying the fermentation of test substances, nitrogen was 
supphed by sodium-ammonium phosphate, while the test substance 
furnished the carbon. The ordinary beef-extract broth was not 
found to be suitable for the determination of the fermentation of 
carbohydrates, because carbon was available either from the carbo- 
hydrate used or the organic-acid salts present in the beef-extract 
broth. Jt was possible, therefore, for a simultaneous acid (from the 
carbohydrate) and alkaline (from the organic-acid salts) fermenta- 
tion to take place, in which case the final reaction would depend on 
the rate of the two fermentations. It was often found that in beef- 
extract broth the acid fermentation was entirely masked by the 
alkali fermentation. ‘To overcome this as far as possible a synthetic 
medium was used which contained a single source of nitrogen and 
single but different source of carbon, Dextrose was the most easily 
fermented of the carbohydrates tested. Of the 68 cultures examined 
44 fermented dextrose, 11 lactose, and 2 saccharose, while none fer- 
mented raffinose. Dextrose and galactose were fermented to about 
the same extent and many media showed a high hydrogen-ion con- 
centration, while lactose and saccharose were fermented only slightly. 
In extract broth there was no evidence of a lactose fermentation— 
in fact, the reaction went alkaline—but in the synthetic medium a 
sight but distinct fermentation was observed. 

6. The monoatomic alcohols ethyl, propyl, and amyl were more 
readily fermented than the polyatomic alcohols mannite and glycerin. 
The alcohols tested were the only source of carbon in the sodium- 
ammonium-phosphate medium. 
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7. Organic-acid salts were easily available as sources of carbon 
when used in the synthetic medium, and in most cases an alkaline 
reaction was produced, due to the formation of bicarbonates or car- 
bonates. The exceptions were when the salts of n—butyric, n- 
valeric, or caproic acids were used. These acids may be split into 
other acids and if the fermentation is not carried far enough the 
reaction may become acid. 

An attempt was made to determine from what radical or radicals 
the alkali-forming bacteria obtained their carbon. The results of 
the study indicate that it may come from the methyl, alcohol, or 
aldehyd (as in formic acid), but not from the carboxyl group (as in 
oxalic acid). Carbon was most easily obtained from the methyl 
group (as in succinic, acetic, etc.), and about as well from the methyl 
and alcohol group when attached (as in citric, malic, or lactic acid). 
Carbon was not easily available from the alcohol radical when it was 
linked to a carboxyl and another alcohol radical (as in mucic, tar- 
taric, and glyceric acids). It was not available from an alcohol 
radical when linked to a carboxyl (as im glycolic acid). Apparently 
the benzol ring can be split by some bacteria, for a few of the cul- 
_ tures were able to obtain their carbon from the salts of benzoic and 
salicylic acids. 

Some of the cultures were able to obtain both nitrogen and carbon 
from urea and also from uric and hippuric acids. Numerous known 
cultures, some of which give the characteristic alkaline milk reaction 
of the alkali-forming group, were capable of utilizing the salts of 
organic acids as a source of carbon when grown in a synthetic 
medium. Among these were cultures of proteus, typhoid, paraty- 
_phoid, and dysentery; also B. abortus, B. bronchisepticus, B. fecalis 
alkaligenes, and B. enteriditis. It is believed therefore that the 
salts of organic acids may serve as valuable carbon-containing test 
substances for the further identification of bacteria. 

8. The alkali-forming bacteria readily used the nitrates and 
nitrites as sources of nitrogen, but when tested for the reduction of 
nitrates and nitrites in the commonly used peptone medium very 
few showed any evidence of reduction. ‘The ordinary method of 
testing the reduction of nitrates to nitrites is of no value when 
alkali-forming bacteria are being studied. This may be equally true 
of other groups of bacteria. Special media should be used, there- 
fore, whenever possible. 

9. An arbitrary division of the alkali-forming bacteria found in 
milk has been made. This classification was based primarily on the 
fermentation of dextrose and the salts of organic acids, and serves 
to show the value of the fermentation of the organic-acid salts for 
this purpose. Each subgroup has been given a number as a matter 
of convenience for those who may study these types of bacteria in 
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the future. No attempt has been made to group these cultures on 
the basis of the accepted principles of classification. 

10. It is hoped that the results presented may give a clearer con- 
ception of certain types of alkaline fermentation. Probably many 
alkaline reactions presumed to be due to ammonia formation are in 
reality the result of the oxidation of organic-acid salts to alkaline 
carbonates. These alkaline fermentations, occurrmg as they may 
with acid fermentations, greatly complicate the fermentation of 
various test substances. This type of alkaline fermentation may 
explain many obscure results which occur in bacteriological studies. 
Furthermore, since organic acids are suitable sources of carbon for 
many bacteria, they may serve as an extensive set of test substances 
by means of which the physiological characteristics of bacteria may 
be further studied. The fermentation of organic-acid salts should 
be of particular value in the study of bacteria which fail to ferment 
the usual test substances, such as carbohydrates, alcohols, and starches. 


10. 


idalh. 
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